It is found that the geometrical shape and microstructure of bent trailing edge of propeller blades are similar to those by shot blasting. These facts not only throw light on the mechanism of bent trailing edge but also lead to a simulation method.
This simulation method will be used for studying the intensity of load due to collapse of cavity quantitatively and for developing an effective prediction method of both bent trailing edge and cavitation erosion of propellers.
Introduction
Bent trailing edge is a bend of trailing edge of propeller blades towards pressure side. The phenomenon can be simulated in cavitation tunnel on model propellers and it is generally recognized that this is caused by so called " cloud cavitation " which occurs when a propeller operates in non-uniform wake of a ship.1)
Bent trailing edge leades to change of effective pitch of a propeller, thus causing torque-rich and on the other hand stimulates cavitation erosion on the blade as a result of change in cavitation characteristics. How to prevent bent trailing edge ?
The problem is approached from the two ways, the one refinement of propeller design from hydrodynamic view point and the other development of erosion resisting material. Hydrodynamic aspect can be simulated in cavitation tunnel, but no method is available to extend the model results to full scale. In developing a new material, nature of the exerted force on the blades by the collapse of cavity must be known. It is essential therefore to look for a method to evaluate quantitatively the intensity and nature of the load due to collapse of cavity.
Few works have been published since van Manen2) tried to explain the cause of bent trailing edge in connection with cloud cavitation. Theoretical attack of the problem was made by van Wijngaardenn, who calculated the mean pressure of the collective collapse of gas bubbles and suggested a possible cause of bent trailing edge. Cloud cavitation and resulting cavitation damage, however, is so complex that present knowledge is far from the quantitative evaluation of the intensity of cloud cavitation.4)
In the present study, an attempt has been made, therefore, to simulate bent trailing edge of propeller blades by means of mechanical external force, quantity of which can be evaluated easily. Several methods have been tried, and finally shot blasting was found out to be suitable for the simulation of bent trailing edge. The simulation was examined not only from view point of geometrical shape of bend but also metallographical structure.
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Edge of Ship Propellers and Reproduction by Model Tests
In order to grasp the nature of bent trailling edge of propellers, the shape and the amount of bent trailing edge of ship propellers were observed when the ships were docked. Further bent trailing edge was reproduced by model tests in cavitation tunnel to examine it more in detail. Fig. 1 shows an example of bent trailing edge observed on the propeller of a cargo liner, made of high tensile brass. According to the survey of the inspection record of propellers almost all the propellers made of high tensile brass suffer from a certain extent of bent trailing edge, even though cavitation erosion on back side was not so severe. The bent shape is characterized by gradual change of curvature without sharp corner.
Bent Trailing Edge of Ship Propellers

Reproduction of Bent Trailing Edge on Model Propellers
Bent trailing edge was reproduced on model propellers made of corrosion resisting alluminium by cavitation tests in non-uniform wake. the correlation between model propellers and ship propellers, attempts were made to find out a method of simulation of bent trailing edge, which can be applied to any materials.
Properties of Bent Trailing Edge
Effectiveness of the simulation must be examined not only through the bent shape but also other additional properties which characterize the phenomenon. Thus from the above mentioned observation of bent trailing edge of ship propellers and examination of reproduced bent trailing edge of model propellers, the features of bent trailing edge are summarized as follows;
( 1 ) Locallity (deformation occurs where the cavity collapses) ( 2 ) Gradually changing curvature with changing the local thickness of a blade section ( 3 ) Rapid increase of bend in early stage and tendency of saturation in later stage. (1) and (2) were intended to check whether bent trailing edge of propellers can be simulated by the sinsoidally changing concentrated load. Test pieces were made of the same material as model propellers, supported as cantilevers and loaded near the free end. Fig. 8 shows an example of the test results.
The bent part was limited to the zone close to the load and cracks were found near the supporting edge (In this figure, the deformation due to cracks, which is propotional to the distance from the supporting edge, is eliminated). Almost the same results were obtained in case of high-cycle fatigue tests.
(3) was intended to check the effect of shock wave caused by impact load on local deformation. The results are not shown here, but the test pieces did not bend when the load is low and only the bend due to cracks near the supporting edge was observed when the load was high. Of course, dents and cracks were found at the loading points .
From these test results, it was concluded that the concentrated and cyclically changing load is not suitable to reproduce the same bend as that of propeller. In other words, bent trailing edge is not a kind of fatigue deformation. Thus the properties of the load due to collapse of cavity are examined. Table 1 shows the classification of the property of the load due to cavitation deduced from the observation of cloud cavitation.
The most distinct features of the load seem to be highly frequent, cumulative, dispersed, and impact, imagined from the pit holes distributed on the back side of bent trailing edge as shown in Fig. 4 . One of the hints to get such kind of mechanical force is that the erosion due to water or liquid drops is quite similar to that due -to cavitations). Further, according to Engel6,7), collision of metal balls to metal target shows the same tendency of the collision of liquid drops to the metal target. So the shot blasting tests were planned to simulate the bent shape because it is easier to estimate the force or the loading conditions. Fig. 9 shows the shot blasting method. Test pieces were set as cantilevers in the blasting room.
The test piece section consists of 20% of the chord length from the trailing edge at 0.9R blade section At first, microstructure of shot blasted test pieces was examined. Fig. 13 (1) shows a test piece of corrosion resisting aluminium after shot blasted. Metal flow is observed clearly over the whole surface of the shot blasted area from this photograph. Fig. 13 (2) shows microstructure of the center plane section of the test piece. Crystal grains in the shot blasted surface were destructed by intensive load.
Under that layer flatly deformed crystal grains were seen and the depth of the layer is about 5 to 10%
of the whole thickness.
Hardness of the deformed layer is very high as follows; 
Microstructure of Bent Part of Propellers
Metallographical study of the bent part of full scale propellers was limited to the propellers from which the samples could be cut off. Fortunately, we had the chance to take samples from the propeller of 90,0000DWT tanker. The bent shape is shown in Fig. 16 . In order to check the degree of plastic deformation, the test piece was heated to the recrysatllization temperature. Microstructure in In the same way, examination of microstructure of the bent part on model propellers was tried. Summarizing these matallographical examination of the bent part caused by cavitation, the following two points are picked out;
( 1 ) Under the eroded surface of the bent part, deformed and work-hardened thin layer is formed and its depth is lower than 20% of the whole thickness.
( 2 ) Under the eroded surface of the bent part, metal flow (deformation of crystal grains) or slip bands are observed.
These are the same results as metallographical examination of the bent part caused by shot blasting.
Thus it is concluded that the mechanism of bent trailing edge of propeller blades is similar to the bend due to shot blasting, as explained schematically in Fig. 19 and these results strongly support the simulation method. It is already known that the amount of bend changes with shot size, collision speed of shots, blasting time, and mechanical properties of material. The first two items are concerned with the impact force or pressure which correspond to the strength of the shock wave emitted when spherical cavitation bubbles collapse, or to the impact pressure due to collision of the microjets when hemispherical cavitation bubbles collapse. Thus this simulation method will give quantitatively effective approach to prevent bent trailing edge of propellers and to study cavitation erosion problems. 
